Previous investigations have shown that Pb exerts immunotoxic effects. Object ofthis study were Thl and Th2-type immune responses of mice to Pb exposure. Adult Swiss male mice were administered 0, 40 and 400 mgll of Pb (as acetate) in drinking water for 14 days. At the end of the treatment, blood Pb was determined and two Thl cytokines (IL-2, INF-oy) and one Th2 serum cytokine (IL-4) were measured. A significant increase in IL-4 production was observed in the mice exposed to 40 mgtl of Pb, while a further increase in IL-4 production was associated with a decrease in IFN-oy production in mice exposed to 400 mgt I of Pb, On the other hand, Pb exposure did not induce changes of serum IL-2 (involved also in the ThO immune pattern). Our findings indicate that low level Pb exposure enhances a Th2 response. A high Pb dose can either stimulate the Th2 immune activity or reduce the Thl response; the result is an imbalance between Th 1 and Th 2 activation.
The effects of environmental and occupational exposure to lead (Pb) and its compounds are reported (1,2). Studies on Pb exposed workers suggested that this element exert immunosuppressive effects (3) . McCabe and Lawrence (4) hypothesized that Pb causes impairment of immune functions including a reduction in the immunoglobulin production. Changes in chemotaxis have been found in polymorphonuclear lymphocytes in workers with blood Pb levels <33 u.g/dl (5) . 25 male storage battery workers with mean blood lead concentrations 75 Jlg/dl showed a significant depression of T helper lymphocytes, IgG, IgM, C3, C4 complement levels, chemotaxis, and random migration of neutrophils (6) . Moreover, peripheral B lymphocytes were shown decreased in Pb exposed workers (7) . Qiao et al. (8) reported a reduction of blood NK CD 16+-CD56+ lymphocytes in women chronically Pb-exposed in printing houses. It was suggested that this reduction may depend either on a direct effect of Pb exposure on the immune system or on an effect mediated by the neuroendocrine system.
In experimental studies, Pb has been shown to exert immunotoxic effects on T lymphocytes (9-IS). On the basis oftheircytokine secretion profiles, CD4+T helper (Th) can be subdivided at least into three distinct functional subsets on the basis of their cytokine secretion profiles: T helper 1 (Th 1) producing IL-2 and INF--y, but not IL-4; T helper 2 (Th2), producing IL-4 but not IL-2 or INF--y; a third type, (ThO), producing both Th 1 and Th2 cytokines (16) (17) (18) (19) (20) (21) . Previous studies (4, (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) reported that Pb affects the balance between Th 1 and Th2 immune activities inducing a strong Th2 response (elevated IL-4 production) and a suppressed Th I response (decreased IFN--y production).
The aim of this study is to assess the effects on the immune system of mice exposed for two weeks to two doses of Pb in drinking water by evaluating possible quantitative changes in serum cytokines.
MATERIALS AND METHODS

Animal housing
Eighteen male Swiss mice (8 weeks old), purchased from the Experimental Animal Production Plant of the Universita Cattolica del Sacro Cuore, Rome, Italy, with an average live weight of 30 g per mouse. Body weight was regularly recorded. Mice were divided into 3 groups of six animals and housed in Macrolon" cages manufactured by (Tecniplast S.p.A., Buguggiate, Italy). Each group was fed for 14 days on a normal halfsynthetic diet with a Pb concentration of 0.2 mg/kg feed; Pb level in the diet was determined by Zeeman background corrected atomic absorption spectroscopy (22) . Pb concentrations in drinking water ranged from <0.3 jJ.g/l for the control to 40 and 400 mg/I for the two exposed groups, respectively. Pb aqueous solutions were obtained by dissolving proper amounts of lead acetate trihydrate (Carlo Erba RPE -ACS grade, Milan Italy) with double deionized water obtained from two deionizers connected in series (Nuovo RD 30 Elettracqua, Italy and Milli-Q, Millipore, USA).
Blood collection
Two weeks after the beginning of the experiment, mice were anesthetized with ketamine/xylazine (10/ 100 mg/kg body weight). Blood from each of the 18 animals was drawn by cardiac puncture and collected in a 1.5 ml vial (Eppendorf srl, Milan, Italy) for blood Pb (PbB) and immunological examinations. Before clotting, immediately after collection, 20 jJ. blood were diluted with double deionized water to 200 jJ.. Sera were then separated after centrifugation at 1500 rpm for the immunological assays.
Air Sampling
Four airborne particulate samples were collected at regular intervals during the two weeks of experiments for Pb determinations. At a distance of approximately I m from the cages, environmental air was drawn for 24 hours through cellulose nitrate filters (Sartorius AG, Gottingen, Germany; diam. 25 mm, pore size 0.45 urn) inserted in 10M holders.
Blood lead determination
Blood lead and recoveries were measured using an analytical method described in our previous publication (22) , with slight modifications.
Cytokine determinations
The enzyme-linked immunosorbent assays for quantitative detection ofIL-2, IL-4 and INF-'Yin murine sera (mIL-2, mIL-4 and mINF-'Yrespecti vely, purchased from MedSystems Diagnostics GmbH, Vienna, Au-stria) was used according to manufacturer instructions. The absorbance was measured at 450 nm on an ELISA plate reader (Rosys Anthos 2010, Vienna, Austria). Cytokine concentrations were reported in pg/ml after proper calibration.
Statistical methods.
Statistical analysis was carried out with SPSS statistical software. The Shapiro-Wilk W test was performed to check the normal distribution of measurements and the Levene test was used to analyse the homogeneity of variance between groups. One-way variance analysis (ANOVA) was used to evaluate the significance of differences between means at differing Pb levels (controls, 40 mg/I, 400 mg/l). Additionally, multiple comparisons were performed by the Dunnett test in the analysis of variance. The analysis was repeated for each of the three immunologic parameters taken into consideration (IL-2, IL-4 and INF-'Y). Linear regression analysis was performed to ascertain the relationship between the doses of Pb (0, 40, 400 mg/l) and the IL-4 immunologic parameter. This type of analysis was chosen as it fitted satisfactorily experimental data. PbB levels were also analysed using linear regression models for a comparison with dose concentrations (0, 40, 400 mg/l).
RESULTS
Body weight
During the experiment, no significant modification occurred in the body weight of any of the mice (data not shown).
Airborne lead
During the two-week experiment, airborne Pb levels ranged from 0.032 ug/m' to 0.085 u.g/rn' (mean =0.047 u.g/rn", n =4).
Blood lead levels
PbB levels of the group exposed to a low Pb dose was much lower than those of the group exposed to a higher Pb dose (Tab.I). The PbB levels showed a linear relationship with the Pb dose in drinking water. The estimated regression curve is described by the following equation: PbB =O. I98 + 0.269 * "dose mg/I" with estimated values very close to the empirical levels (R2 =0.96; p < 0.05).
Cytokine levels
Results of preliminary statistical analysis enabled to carry out ANOVA. The Shapiro-Wilk test revealed no significant departure from normality (p value W test> 0.05 in each group) and the Levene test for variance homogeneity failed to produce significant values for IL-2, IL-4 and INF-' Y (p = 0.3; 0.3 and 0.9, respectively). Table 2 and Figures 1 and 2 show illustrative statistics for each immunologic parameter in the three experimental groups. Variance analysis shows that for the immunologic parameter IL-2, the difference in group means is not statistically significant (p value ANOVA=0.78 for IL-2), whereas mean differences in the three groups are clearly significant both for IL-4 and for INF-'Y (p value ANOVA < 0.001 for each parameter). In particular, linear regression analysis of IL-4 values shows a linear response that corresponds to variation in the dose (R2 = 0.78;p < 0.05), while in the INF-'Y parameter there is an increase from zero to 40 mg/l, followed by a significant decrease at 400 mg/1.
DISCUSSION
Our findings indicate that Pb exposure affects the balance between Th 1 and Th2-type immune responses in male Swiss mice. On the other hand, 400 mg/l no difference was found in IL-2 production at the different Pb exposure levels. This phenomenon could be explained by the reports that IL-2 is produced not only by Thl cells but also by ThO lymphocytes (19, 20, 21) . Our results confirm those of previous in vitro and in vivo studies showing that Pb induces a Th2 response (elevatedIL-4production) and a suppressed Th 1response (decreased IFN-')' production) (4, (13) (14) (15) . In particular, this study demonstrates that immune effects can be observed after a shorter exposure (two weeks), at both high and low Pb doses.
Other authors reported increased IL-4 levels with a concomitant reduction in INF-')' values in presence of leishmanixasis (23) , AIDS (24, 25) and tubercolosis (26) . Impaired Pb-induced host resistance has been observed in both rodents and humans. Pb-exposed rodents have been reported to be more susceptibleeither to intracellular bacterial infection, e. g. by Listeria monocytogenes, even after one-week exposure (27, 28) , or to viral infections (29) . Furthermore, Pb-exposed workers were shown frequently affected by common colds and influenza infections (13, 30, 31) .
Moreover, it was shown that a Pb induced imbalance between Th 1 and Th 2 activation can result in immunodysregulations leading to autoimmune disease in mice (3) .
Finally, it should be noted that the results of this investigations showing a significant correlation between PbB and Pb doses confirm those on the toxicokinetics of Pb reported in a previous study on mice receiving low Pb doses in drinking water (32) .
